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,QIRUPDWLRQH[WUDFWLRQWRROVDUHFKDOOHQJHGE\WKHDPELJXLW\RIQDWXUDOODQJXDJHLQZKLFKZRUGVFDQ
KDYHPXOWLSOHPHDQLQJV)RULQVWDQFHWKHZRUG³DVWUDJDOXV´KDVGLIIHUHQWPHDQLQJVLQWKHIROORZLQJWZR
VHQWHQFHVZKLFKZHFDSWXUHGIURPWKH06+:6'GDWDVHW>@

D 7KHELRORJLFDOFRXUVHRIIUDFWXUHVRIWKHDVWUDJDOXV
E 'LHWDU\VXSSOHPHQWDWLRQZLWK$VWUDJDOXVSRO\VDFFKDULGHHQKDQFHVLOHDOGLJHVWLELOLWLHVDQGVHUXPFRQFHQWUDWLRQV
RIDPLQRDFLGVLQHDUO\ZHDQHGSLJOHWV
,QWKHILUVWVHQWHQFHDVWUDJDOXVLVXVHGWRUHIHUWRDKXPDQERG\SDUWZKLOHLQWKHVHFRQGVHQWHQFHLWLV
XVHGWRUHIHUWRDSODQW

:6' LV WKH SURFHVV RI ILQGLQJ WKH FRUUHFW PHDQLQJ RI DPELJXRXV ZRUGV LQ FRQWH[W 7KH FRUUHFW
PHDQLQJ±³VHQVH´±RIDQDPELJXRXVZRUGFDQRQO\EHGHWHUPLQHGE\DQDO\]LQJWKHFRQWH[WLQZKLFKWKH
DPELJXRXVZRUGDSSHDUV:6'LVFDWHJRUL]HGDVDQ$,FRPSOHWHSUREOHPD WHFKQLFDO WHUPLQDUWLILFLDO
LQWHOOLJHQFH DQG FRPSOH[LW\ WKHRU\ ZKLFK PHDQV VROYLQJ LW ZRXOG UHTXLUH VROYLQJ DOO WKH GLIILFXOW
SUREOHPVLQDUWLILFLDOLQWHOOLJHQFH$,VXFKDVQDWXUDOODQJXDJHXQGHUVWDQGLQJ>@

7KHUHDUHPDQ\SURSRVHGDSSURDFKHVWRDGGUHVVWKH:6'SUREOHP)RUDFODVVLFDOFRPSUHKHQVLYHOLVW
RI:6' DOJRULWKP FODVVLILFDWLRQ UHIHU WR >@ DQG IRUPRUH UHFHQW VWXGLHV UHIHU WR >@ )XQGDPHQWDOO\
:6' DOJRULWKPV DUH FODVVLILHG HLWKHU DV VXSHUYLVHG OHDUQLQJ DSSURDFKHV RU XQVXSHUYLVHG 6XSHUYLVHG
OHDUQLQJ DSSURDFKHV PXVW EH ILUVW WUDLQHG ZLWK D PDQXDOO\ DQQRWDWHG FRUSXV ZKLOH WKH XQVXSHUYLVHG
DSSURDFKHVGRQRWUHTXLUHDQ\DQQRWDWHGFRUSXVDQGPRVWO\UHO\RQDQH[WHUQDOVRXUFHRINQRZOHGJHVXFK
DV D GLFWLRQDU\ WKHVDXUXV VHPDQWLF QHWZRUN RU RQWRORJ\ 7KH NQRZOHGJH VRXUFH OHYHUDJHG E\
XQVXSHUYLVHG :6' DOJRULWKPV FDQ EH JHQHUDOSXUSRVH OLNH WKH :RUG1HW >@ WKHVDXUXV RU GRPDLQ
VSHFLILFOLNHWKH80/6>@ELRPHGLFDOWKHVDXUXV

2XU IRFXV LQ WKLV VWXG\ LV RQ WKH XQVXSHUYLVHG :6' DOJRULWKPV WKDW OHYHUDJH WKH 80/6 DV WKH
NQRZOHGJH VRXUFH 7KHUH KDYH RQO\ EHHQ D IHZ DWWHPSWV LQ WKLV UHVHDUFK DUHD ZLWK GLIIHUHQW UHSRUWHG
DFFXUDFLHV ,QWHUHVWLQJO\ WKH GLIIHUHQFH LQ DFFXUDF\ FDQQRW RQO\ EH FUHGLWHG WR WKH ULJRURXVQHVV RI WKH
DOJRULWKP DV HDFK DOJRULWKP XVHG GLIIHUHQW VXEVHWV RI WKH 80/6 ZKLFK FRXOG KDYH D VSHFLDO LPSDFW
0RUHRYHU QRW DOO DOJRULWKPV ZHUH HYDOXDWHG XVLQJ WKH VDPH GDWD VHW 7KH SXUSRVH RI WKLV VWXG\ LV WR
DQDO\]H WKH LPSDFW RI WKH GLIIHUHQW VXEVHWV RI WKH 80/6 RQ WKH:6' DOJRULWKP DFFXUDF\ 6HFWLRQ 
SURYLGHVWKHEDFNJURXQGLQIRUPDWLRQ6HFWLRQGHVFULEHVWKHSUHYLRXVZRUNRQXQVXSHUYLVHG:6'XVLQJ
80/66HFWLRQGHVFULEHVWKH:6'DOJRULWKPXVHGIRURXUDQDO\VLV6HFWLRQSURYLGHVGHVFULSWLRQVRI
WKH HYDOXDWLRQ GDWD VHWV 6HFWLRQ  GLVFXVVHV RXU DQDO\VLV UHVXOWV )LQDOO\ 6HFWLRQ  FRQFOXGHV RXU
ILQGLQJV
%DFNJURXQG
8QLILHG0HGLFDO/DQJXDJH6\VWHP
7KH80/6>@ LVD UHSRVLWRU\RIPXOWLSOHFRQWUROOHGELRPHGLFDOYRFDEXODULHVGHYHORSHGE\ WKH86
1DWLRQDO/LEUDU\RI0HGLFLQH1/0DQGLVFRPSRVHGRIWKHIROORZLQJWKUHHNQRZOHGJHVRXUFHV
D 7KH0HWDWKHVDXUXVDYRFDEXODU\UHSRVLWRU\RIELRPHGLFDOFRQFHSWVDQGWKHUHODWLRQVKLSVDPRQJ
WKHP7KH0HWDWKHVDXUXVLVFRQVLGHUHGWKHPDMRUFRPSRQHQWRIWKH80/6WKH80/6$%
UHOHDVHFRQWDLQVPRUHWKDQPLOOLRQFRQFHSWVFROOHFWHGIURPYRFDEXODULHV
E 7KH6HPDQWLF1HWZRUN D VHW RIFDWHJRULHV± ³VHPDQWLF W\SHV´±XVHG WRFDWHJRUL]HDOO FRQFHSWV
UHSUHVHQWHG LQ WKH 0HWDWKHVDXUXV 7KH 6HPDQWLF 1HWZRUN DOVR FRQWDLQV D VHW RI UHODWLRQV ±
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³VHPDQWLF UHODWLRQV´ ± WR GHILQH SRVVLEOH UHODWLRQVKLSV EHWZHHQ VHPDQWLF W\SHV 7KH 6HPDQWLF
1HWZRUNLQWKH80/6$%UHOHDVHFRQWDLQVVHPDQWLFW\SHVDQGUHODWLRQVKLSV
F 7KH 63(&,$/,67 /H[LFRQ D VHW RI OH[LFDO HQWULHV ZLWK RQH HQWU\ IRU HDFK VSHOOLQJ RU VHW RI
VSHOOLQJYDULDQWVLQDSDUWLFXODUSDUWRIVSHHFK
0HWD0DS
0HWD0DS >@ LV D SURJUDP GHYHORSHG E\ WKH 86 1/0 WR PDS ELRPHGLFDO WH[W WR WKH 80/6
0HWDWKHVDXUXV7KHDOJRULWKPRI0HWD0DSLVDVIROORZVWKHLQSXWWH[WLVSDUVHGLQWRSKUDVHVDWWKHWRS
OHYHOGHFRPSRVHGLQWRV\QWD[XQLWVDQGWKHQLQWRWRNHQVDW WKHORZHVW OHYHO)RUHDFKSKUDVHDOH[LFDO
ORRNXSRIZRUGVLQWKH63(&,$/,67OH[LFRQLVSHUIRUPHGWKHQOH[LFDOYDULDQWVRIDOOSKUDVHZRUGVDUH
JHQHUDWHG 6XEVHTXHQWO\ D PDWFKLQJ SURFHVV JHWV WULJJHUHG WR ILQG PDWFKHV EHWZHHQ 80/6 FRQFHSW
QDPHVDQGWKHJHQHUDWHGOH[LFDOYDULDQWV7KHUHVXOWVDUHFDQGLGDWHVDQGDUHUDQNHGEDVHGRQKRZZHOOWKH
80/6FRQFHSWPDWFKHVWKHJHQHUDWHGOH[LFDOYDULDQW
5HODWHGZRUN
7KHUHDUHPXOWLSOHXQVXSHUYLVHG:6'DOJRULWKPVWKDWOHYHUDJHWKH80/66RPHDOJRULWKPVXVHGWKH
80/6 0HWDWKHVDXUXV NQRZOHGJH VRXUFH > @ ZKLOH RWKHUV XVHG WKH 80/6 6HPDQWLF 1HWZRUN
NQRZOHGJHVRXUFH>@*HQHUDOO\:6'DOJRULWKPV WKDW OHYHUDJH WKH80/66HPDQWLF1HWZRUNZLOO
UXQ IDVWHU FRPSDUHG WR WKH :6' DOJRULWKPV WKDW OHYHUDJH WKH 80/6 0HWDWKHVDXUXV EHFDXVH RI WKH
VPDOOHU VL]H RI WKH 6HPDQWLF 1HWZRUN NQRZOHGJH EDVH %XW WKH PDLQ GLVDGYDQWDJH RI OHYHUDJLQJ WKH
80/66HPDQWLF1HWZRUN LV LW UHVWULFWV WKH:6'DOJRULWKP WRRQO\GLVDPELJXDWHZRUGVZLWK FRQFHSWV
WKDWEHORQJWRGLIIHUHQW80/6VHPDQWLFW\SHV,QWKHIROORZLQJVXEVHFWLRQVZHSURYLGHDEULHIGHVFULSWLRQ
RI WZRGLIIHUHQW W\SHVRIXQVXSHUYLVHG:6'DOJRULWKPV WKDWXVHG WKH80/60HWDWKHVDXUXVNQRZOHGJH
VRXUFH
6LPLODULW\EDVHGXQVXSHUYLVHG:6'
7KH VLPLODULW\EDVHG XQVXSHUYLVHG :6' PHDVXUHV WKH VLPLODULW\ RI HDFK VHQVH RI WKH ZRUG EHLQJ
GLVDPELJXDWHG WR WKH ZRUGV LQ WKH VXUURXQGLQJ WH[W DQG WKH VHQVH WKDW KDV WKH KLJKHVW VLPLODULW\ LV
DVVXPHGWREHWKHFRUUHFWRQH7KHDSSURDFKSUHVHQWHGLQ>@LVDUHFHQWLPSOHPHQWDWLRQRIDVLPLODULW\
EDVHGXQVXSHUYLVHG:6'
*UDSKEDVHGXQVXSHUYLVHG:6'
7KHJUDSKEDVHGXQVXSHUYLVHG:6'EXLOGVDJUDSKUHSUHVHQWLQJDOOSRVVLEOHVHQVHVRIWKHZRUGEHLQJ
GLVDPELJXDWHG7KHQRGHVLQWKHJUDSKFRUUHVSRQGWRWKHVHQVHVDQGWKHHGJHVLQWKHJUDSKFRUUHVSRQGWR
WKHUHODWLRQW\SHEHWZHHQVHQVHVHJSDUHQWFKLOGEURDGHU1H[WWKHJUDSKLVDVVHVVHGWRGHWHUPLQHWKH
LPSRUWDQFH RI HDFK QRGH WKH QRGH ³VHQVH´ WKDW LV FRQVLGHUHG WKH PRVW LPSRUWDQW RI WKH ZRUG EHLQJ
GLVDPELJXDWHGLVDVVXPHGWREHWKHFRUUHFWRQH7KHDSSURDFKSUHVHQWHGLQ>@LVDUHFHQWLPSOHPHQWDWLRQ
RIDJUDSKEDVHGXQVXSHUYLVHG:6'
2XUDSSURDFK
2XUVWXG\IRFXVHVRQDQDO\]LQJ:6'DFFXUDF\DQGWKHZD\LWLVLPSDFWHGE\WKHGLIIHUHQWVXEVHWVRI
WKH80/60HWDWKHVDXUXV)RUWKHSXUSRVHRIRXUDQDO\VLVZHLPSOHPHQWHGDJUDSKEDVHGXQVXSHUYLVHG
:6' DOJRULWKP WKDW FRPSXWHV WKH LPSRUWDQFH RI HDFK QRGH³VHQVH´ LQ WKH JUDSK XVLQJ WKH 3DJH5DQN
298   Wessam Gad El-Rab et al. /  Procedia Computer Science  21 ( 2013 )  295 – 301 
PHWULF >@ 7KH DOJRULWKP LV LQVSLUHG E\ WKH DSSURDFK SUHVHQWHG LQ >@ $OJRULWKP  VKRZ WKH
SVHXGRFRGH RI RXU DSSURDFK :H UDQ WKH :6' DOJRULWKP DJDLQVW GLIIHUHQW VXEVHWV RI WKH 80/6
0HWDWKHVDXUXV 7KH ZD\ ZH VSOLW WKH 80/6 0HWDWKHVDXUXV LQWR VPDOOHU NQRZOHGJH EDVHV LV E\ WKH
GLIIHUHQWUHODWLRQVGHILQHGLQWKH055(/WDEOHVRHDFKVXEVHWFRQWDLQVDOOWKH80/6FRQFHSWVEXWZLWK
RQO\VSHFLILFW\SHVRIUHODWLRQVLQWHUFRQQHFWLQJWKHP:HFUHDWHGIRXU0HWDWKHVDXUXVVXEVHWV
x 3$5&+'DVXEVHWWKDWFRQWDLQVRQO\WKHSDUHQWDQGFKLOGUHODWLRQV
x 5%51DVXEVHWWKDWFRQWDLQVRQO\WKHEURDGHUDQGWKHQDUURZHUUHODWLRQV
x 6,%DVXEVHWWKDWFRQWDLQVRQO\WKHVLEOLQJUHODWLRQ
x 52DVXEVHWWKDWFRQWDLQVRQO\WKHRWKHUUHODWLRQ
$/*25,7+0
,QSXW
 .DJUDSKUHSUHVHQWLQJWKHVXEVHWWKH80/60HWDWKHVDXUXV
 :DVHTXHQFHRIQZRUGV
 WDQLQGH[LQ:SRLQWLQJWRWKHZRUGZHQHHGWRGLVDPELJXDWH
 VDZLQGRZVL]HRIWKHZRUGVEHIRUHDQGDIWHUWWRLQFOXGHLQWKHDQDO\VLV
 $DVHWRISODXVLEOHVHQVHVIRUWKHZRUGEHLQJGLVDPELJXDWHG2QO\RQHHOHPHQWRI$LVWKHFRUUHFW
VHQVH

:RUG6HQVH'LVDPELJXDWH.:WV$
OHW9 ^80/6FRQFHSWRI:O_O WWV׫WWV`
OHW9 9׫$
IRUHDFKYLQ9GR
; ')6.YS
IRUHDFK[LQ;GR
LI[QRWLQ9
OHW9 9׫^[`
HQGLI
HQGIRU
HQGIRU
OHW( *HW(GJHV9.
OHW95DQNV 3DJH5DQN9(
OHWP PD[LPXP^95DQNVD_DLQ9DQGDLQ$`
UHWXUQP

')6.YS
UHWXUQWKHVHWRIQRGHVHQFRXQWHUHGZKHQSHUIRUPLQJGHSWKILUVWVHDUFKVWDUWLQJIURPQRGHYLQWKH
JUDSK.DWDPD[LPXPGHSWKS

*HW(GJHV9.
UHWXUQWKHVHWRIHGJHVLQJUDSK.WKDWLQWHUFRQQHFWDOOQRGHVLQWKH9VHW

3DJH5DQN9(
UHWXUQDVHWRIDOOQRGHVLQ9ZLWKWKHLU3DJH5DQNPHWULF

(DFKRIWKHIRXU80/60HWDWKHVDXUXVVXEVHWVLVUHSUHVHQWHGDVD.JUDSKZKHUHWKH80/6FRQFHSWV
DUHWKHQRGHVDQGWKH80/6UHODWLRQVEHWZHHQFRQFHSWVDUHWKHHGJHV)RUWKHPDSSLQJVWHSOLQHRI
WKH:RUG6HQVH'LVDPELJXDWH IXQFWLRQZH XVHG WKH0HWD0DS WRRO ,Q WKH')6 IXQFWLRQZH VHWS WKH
PD[LPXPGHSWKRIWKHGHSWKILUVWVHDUFKWRIRUH[HFXWLRQWLPHSXUSRVHV
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(YDOXDWLRQGDWDVHW
$ PDMRULW\ RI WKH :6' DOJRULWKPV UHSRUWHG HYDOXDWLRQV DUH EDVHG RQ RQH WHVW GDWD VHW YHU\ IHZ
DOJRULWKPV DUH HYDOXDWHG RQ WZR RU PRUH WHVW GDWD VHW 7KH DYDLODELOLW\ RI GLIIHUHQW WHVW GDWD VHWV
FRPSOLFDWH WKH WDVN RI FRPSDULQJ WKH DFFXUDF\ RI WKH GLIIHUHQW:6' DOJRULWKPV DV D:6' DOJRULWKP
GRHV QRW SHUIRUP ZLWK WKH VDPH UHSRUWHG DFFXUDF\ RQ DOO RWKHU GDWD VHWV EHFDXVH HDFK GDWD VHW KDV
GLIIHUHQWFRYHUDJHRIWHUPVDQGFRQFHSWV
6HOHFWLQJDGDWDVHWIRUWKHSXUSRVHRIHYDOXDWLQJD:6'DOJRULWKPLVDFULWLFDOWDVNDVLWLPSDFWVRXU
XQGHUVWDQGLQJRIWKHVWUHQJWKDQGZHDNQHVVRIWKH:6'DOJRULWKP2EYLRXVO\WKHEURDGHUWKHFRYHUDJHRI
GDWDVHWWKHEHWWHUEXWDVWKHWHVWGDWDVHWKDVWREHILQLWHLWEHFRPHVLPSRVVLEOHWREXLOGDWHVWGDWDVHWWKDW
FDQ FRYHU DOO SRVVLEOH WHUPV LQ DOO SODXVLEOH FRQWH[WV DQG WKHUHIRUH LW LV FUXFLDO WR GHILQH D IHZ NH\
SURSHUWLHVUHTXLUHGLQDGDWDVHWWREHFRQVLGHUHGDVDSURSHUWHVWGDWDVHWIRUWKHGLVDPELJXDWLRQWDVN
7KH PDLQ JRDO RI D :6' DOJRULWKP LV WR SURSHUO\ GLVDPELJXDWH VHQVHV 7KHUHIRUH ULFKQHVV RI
DPELJXRXVWHUPVKRXOGEHWKHPRVWLPSRUWDQWSURSHUW\RIWKHWHVWGDWDVHW±DQGQRWRQO\WKDWEXWWRKDYH
HTXDOGLVWULEXWLRQRIWKHGLIIHUHQWVHQVHVRIDQ\DPELJXRXVWHUP%HORZZHSURYLGHDEULHIGHVFULSWLRQRI
WZRGDWDVHWVWKDWDUHULFKZLWKDPELJXRXV80/6FRQFHSWV
x 7KH1/0:6' >@ GDWD VHW FRQVLVWV RI  IUHTXHQWO\RFFXUULQJ DPELJXRXV WHUPV IURP WKH
0('/,1(EDVHOLQH(DFKDPELJXRXVWHUPLQWKHGDWDVHWFRQWDLQVLQVWDQFHV7KHWRWDOQXPEHURI
LQVWDQFHVLV
x 7KH06+:6' >@ GDWD VHW FRQWDLQV  DPELJXRXVZRUGV7KHZRUGV DUH FRPSRVHGRI 
DPELJXRXVWHUPVDQGDPELJXRXVDFURQ\PVDQGZRUGVWKDWDUHFRPELQDWLRQVRIERWK7KHGDWD
VHWKDVXSWRLQVWDQFHVIRUHDFKSRVVLEOHVHQVH7KHWRWDOQXPEHURILQVWDQFHVLV
5HVXOWVDQGGLVFXVVLRQ
:H H[HFXWHG RXU DOJRULWKP DJDLQVW WKH06+:6' WHVW GDWD VHW ZLWK D ZLQGRZ VL]H RI  DQGZH
H[HFXWHGWKHDOJRULWKPXVLQJWKHVXEVHWVRIWKH055(/WDEOH3$5&+'5%51526,%DVGHILQHG
LQVHFWLRQ)RUHDFKUXQZHFDSWXUHGWKHDFFXUDF\IRUDOOWHUPVDFURQ\PVRIWKH06+:6'GDWDVHWRI
ZKLFKZHOLVWWKHWRSDFFXUDFLHVLQ7DEOH
7DEOH+LJKHVWDFFXUDFLHVRIWKH3$5&+'UHODWLRQ
7HUP$FURQ\P 3$5&+' 5%51 52 6,%
G&    
+&O    
3&'    
%3'    
6&'    
7DEOH+LJKHVWDFFXUDFLHVRIWKH5%51UHODWLRQ
7HUP$FURQ\P 3$5&+' 5%51 52 6,%
3+$    
3$)    
3&%    
O\PSKRJUDQXORPDWRVLV    
'21    

300   Wessam Gad El-Rab et al. /  Procedia Computer Science  21 ( 2013 )  295 – 301 
7DEOH+LJKHVWDFFXUDFLHVRIWKH52UHODWLRQ
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 HDFK
80/6UHODWLRQH[FHOVLQGLVDPELJXDWLQJVRPHWHUPVDFURQ\PVDQGWKLVLQGLFDWHVWKDWXVLQJDOOUHODWLRQV
RIWKH80/6055(/WDEOHLVQRWQHFHVVDULO\WKHEHVWDSSURDFK
&RQFOXVLRQ
,QWKLVVWXG\ZHSURSRVHGDQRYHODQDO\VLVWKDWVKRZVWKHLPSDFWRIXVLQJGLIIHUHQW80/6VXEVHWVDVD
NQRZOHGJHVRXUFHRQWKHXQVXSHUYLVHGW\SHRI:6'DOJRULWKPV:HIRXQGWKDWXVLQJWKHZKROHUDQJHRI
WKH 80/6 UHODWLRQV GHILQHG LQ WKH 055(/ WDEOH RI WKH 0HWDWKHVDXUXV LV QRW QHFHVVDULO\ WKH EHVW
DSSURDFK,Q IDFWDVPDOOHUVXEVHWRI WKHUHODWLRQVZLOO UHVXOW LQEHWWHUDFFXUDF\2QHDYHQXHZHSODQ WR
H[SORUHLQWKHIXWXUHLV WRWU\WRLGHQWLI\DXWRPDWLFDOO\ZKLFKVXEVHWRIWKH80/60HWDWKHVDXUXVWRXVH
IRUWKHZRUGEHLQJGLVDPELJXDWHG
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